Background: Little is known about the prevalence of vitamin C deficiency in the population of individuals who are withdrawing from alcohol, and about possible consequences of latent scurvy. The aim of this study was to evaluate the prevalence of vitamin C deficiency in patients who were withdrawing from alcohol, its correlation with latent scurvy (mainly tiredness and weakness) and the change in the latter symptoms at 3 months after oral vitamin C supplementation.
Introduction
Alcohol dependence is characterized by a chronic course, causing substantial individual suffering, a global burden of disease, and economic costs [1] . Among patients who underwent alcohol detoxification, 80-90% will relapse within 6 months. Of these relapses, 50% occur within the first month after alcohol cessation [2] . Therefore, a target to meet is providing personalized and optimal treatment during and after detoxification.
Scurvy is often diagnosed by the state of well-established clinical signs such as skin and visceral purpura, gum involvement, and loss of healthy teeth [3, 4] . The WHO recognizes an early or "latent" form of scurvy, in which symptoms are nonspecific and mimic more common conditions such as weakness, leg pain and muscle ache; this form of early or latent scurvy is often underestimated [5] [6] [7] . These symptoms may also relate to depression [7] . Our attention was drawn by three cases of latent scurvy cured by vitamin C supplementation [6] . Therefore, we decided to study prospectively the prevalence of latent scurvy in patients who sought help for alcohol withdrawal and its association with clinical signs of scurvy, especially the latent form [5] . It also seemed interesting to track these clinical signs 3 months after vitamin C supplementation in patients for whom no other disease had been discovered that required medical transfer or a specific treatment.
Patients and Methods

Study population
This study was performed prospectively from January 2014 to November 2016 in patients who volunteered for alcohol detoxification even if they had prior complications of excessive alcohol consumption. Each patient provided written consent for the study and agreed to pay the cost of the determination of the plasma ascorbic level. Patients with confusion or who were in a coma due to complications of alcohol abuse were excluded.
Measurement of the vitamin C plasma level was per- formed as soon as possible after the agreement, as discussions with a physician could lead to a change in dietary habits. Clinical signs, especially of latent scurvy, such as tiredness, leg pain or gum involvement, were recorded in a structured questionnaire during the first consultation. These symptoms have been noted in patients who did not think spontaneously to complain, unlike purpura, which was usually well observed by patients or nursing staff. All this was done before the laboratory results were known. All patients who were smokers received systematic otorhinolaryngology examinations to check for cancer.
Other reasons for weakness were sought through clinical anamneses, physical examination, blood testing and abdominal ultrasound examination (Table 1) . Our first objective was to study the level of plasma vitamin C for patients who volunteered for alcohol detoxification and the possible role of sex, age and tobacco consumption.
The second was to investigate the correlation between the plasma vitamin C level and clinical signs of scurvy, including signs of latent scurvy such as tiredness.
The decrease or disappearance of tiredness after vitamin C supplementation was also studied 3 months later in patients who did not have another explanation for their weakness. This was assessed through a questionnaire asking patients if they felt as tired as before or if they felt better after vitamin C supplementation.
The study was approved by our institutional ethics committee and was conducted in accordance with the principles of the Declaration of Helsinki. Reporting of this study conforms to STROBE guidelines (Supplementary Table 1 ) (www.jocmr. org) [8] .
Laboratory methods
Vitamin C was measured with high-pressure liquid chromatography (Cerba Laboratory, F-Cergy Pontoise), according to the method of Lee et al [9] . Plasma ascorbic levels reflected the recent intake and individual storage of vitamin C.
Results were expressed in micromole per liter (µmol/L) with a normal range from 26. [10] . According to Johnston's criteria, a plasma vitamin C level lower than 11.4 µmol/L (2 mg/L) was considered to be vitamin C deficiency and one lower than 28.4 µmol/L (5 mg/L) was vitamin C depletion [11] . The lower limit of quantification was 3 µmol/L (< 0.5 mg/L), at which a patient was considered biologically to have scurvy or be at high risk for the development of scurvy [3, 12] .
Statistical analysis
Qualitative variables were described by frequencies and percentages, and quantitative variables were described by mean ± standard deviation (SD) and range. Groups (males/females) were compared utilizing the Mann-Whitney rank sum test. Spearman's correlation coefficient test was used for identifying relationships among selected parameters (vitamin C level and age, vitamin C level and tobacco). Associations between tobacco use and sex and vitamin C levels were assessed by multivariable linear regression. Logistic regression analysis was used for studying correlation between decreasing vitamin C levels and tiredness, skin symptoms or gum inflammation. P < 0.05 was considered the level of significance.
Results
During the investigation period, 51 patients volunteered for alcohol detoxification; 14 were female with a mean age of 51.71 ± 8 (extreme 38 to 62 years) (range 24), and 37 were men with Three men refused the blood test, and one did not show up for the appointment. The mean age of the 33 remaining male patients was not affected: the mean age was 57.66, with the same SD (13) and the same range (range 49).
Therefore, 47 patients were included.
Primary endpoint
The prevalence of very severe deficiency (< 3 µmol/L) was high and involved more than one-third of the patients (34.04%). The addition of patients with vitamin C deficiency (3 -11.4 µmol/L) resulted in more than half of the patients being affected by vitamin C deficiency (57.44%). Less than one-third of the patients had a normal plasma vitamin C level (29.70%) ( Fig. 1 ). Pattern of deficiency was different between males and females, with males more often having severe deficiency and females more often having a normal concentration (42.86% of females versus 21.21% of males) (Fig. 2) .
Mean plasma vitamin C measurement for all patients was 19.5 µmol/L ± 24.5.
Mean plasma vitamin C measurement for males was 15.6 µmol/L ± 24.5; mean plasma vitamin C measurement for females was 30.0 µmol/L ± 28.8. This difference was not statistically significant (P = 0.08) (Fig. 3a) .
There was no significant correlation between age and vitamin C measurement (P = 0.53) (Fig. 3b) .
There appeared to be an inverse correlation between tobacco consumption and vitamin C levels (P = 0.012) (Fig. 3c) .
After adjusting for tobacco consumption, the differences in vitamin C levels in males and females were not statistically significant (P = 0.064). Increasing tobacco consumption was inversely correlated with vitamin C levels in males (P = 0.0001) but not in females (P = 0.59) (Fig. 4) .
Secondary endpoint
The odds ratio of suffering from tiredness based on decreasing vitamin C levels is statistically significant (P = 0.003). For every 10 µmol/L increase in vitamin C level, there is a 43% decrease in odds of weakness (95% CI: 17% to 61% decrease in odds) (Fig. 5a) .
The odds ratio of presenting purpura or petechiae based on decreasing vitamin C levels did not reach statistical significance (P = 0.44) (Fig. 5b) .
The odds ratio of presenting gum inflammation based on decreasing vitamin C levels did not reach statistical significance (P = 0.97) (Fig. 5c ).
There is a demarcation before and after the 34th patient, who was the first to have a normal vitamin C level (Fig. 6 ).
Third endpoint
The third objective was to study the decrease or disappearance of weakness or purpura in vitamin C deficient patients supplemented with 1 g/day of oral vitamin C for 3 months. This course after 3 months of vitamin C supplementation could be studied in only 18 patients due to patients' exclusion (Fig. 7) .
The majority (16) (89%) of these 18 patients reported a decrease or disappearance of tiredness or purpura at the end of the 3 months. Only two patients, who also drank alcohol again shortly after hospitalization, did not report improvement 
Discussion
Scurvy is an old disease that has been given many precise descriptions by ancient physicians, especially from the north of Europe, i.e., Bachstrom, Boerhaave, Lind. Boerhaave, in his "aphorisms", described the course of the disease in four steps, but he added that the symptoms did not appear exactly in the same order in each patient. He listed the symptoms as follows: "An unusual laziness, stiffness, an inclination to sit and lie down, a spontaneous weariness all over, a general heaviness, a pain of the muscles as after too great a fatigue, chiefly in the legs and loins, a great difficulty in walking chiefly up or down stairs, and in the morning upon first waking in all the limbs and muscles a sense of weariness and a smarting" [13] . The second and third steps are the well-known skin and visceral purpura, as well as gum involvement and the loss of healthy teeth. The fourth step, even with treatment, may lead to death [12, 13] . More recently, the WHO recognized an early or "latent" form of scurvy characterized in part by lassitude, weakness and irritability [5] . Our study showed a very high prevalence (57.44%) of vitamin C deficiency (below 11.4 µmol/L) in patients volunteering for alcohol detoxification, with more than one-third having undetectable vitamin C levels and thus being considered at high risk for the development of scurvy.
This prevalence is far greater than that in the general population in France. In a study of 1,108 non-hospitalized subjects conducted in 1994, only 12% of the men and 5% of the women had a vitamin C deficiency (below 11.4 µmol/L) [14] . Very recently, in a cohort of 50-year-olds from New Zealand, only 2.4% had a plasma level indicating vitamin C deficiency [15] . Fain et al found a prevalence of 16.9% for vitamin C deficiency in patients hospitalized in a department of internal medicine in France [10] . Our results are in line with those of another study in France concerning 87 individuals who were homeless for longer than 2 years; among them, 84% were patients with chronic alcohol use disorder, and 75.5% were smokers. Undetectable vitamin C levels (in this study < 6 µmol/L) were found in 72% of cases and depletion in 95% [16] . In our study, if vitamin C depletion is included, these conditions were also found in 70% of the patients withdrawing from alcohol. However, our patients had normal living conditions; only chronic alcohol abuse was a concern for all of them. There are few recent studies investigating the relationship between heavy drinking and vitamin C intake. Among patients who were dependent on alcohol in the UK, 83% had low vitamin C intake. In this study, patients were ambulatory alcohol misusers, mostly single (50%), unemployed (73%) and from a lower social class [17] . In contrast, in German middle class males who consumed alcohol and had minor to moderately severe alcoholic liver disease (including compensated cirrhosis), vitamin C intake did not significantly differ from that in controls who did not consume alcohol [18] . However, even with a vitamin C intake that was only slightly reduced compared to that of the controls, vitamin C plasma contents were significantly lower (P < 0.017) in the patients who had an alcohol use disorder (mean value of 26.6 µmol/L ± 20.6) than in the controls (65.5 µmol/L ± 15.4) [18] . Regarding plasma vitamin C determination, these results are along the same lines as ours. These diminished vitamin C plasma contents could be explained by the fact that alcohol speeds vitamin C elimination [7] , but also by the difficulty in obtaining a reliable dietary intake survey.
The inverse correlation between tobacco consumption and plasma vitamin C levels confirms the findings of prior studies: Cigarette smoking accelerates vitamin C catabolism, lowers its plasma and tissue concentrations and increases its nutritional requirement [19, 20] . Although smoking has an influence, it is probably not the main variable of vitamin C deficiency in our study. Indeed tobacco consumption leads to a decrease in plasma vitamin C levels in males withdrawing from alcohol but not in females. Moreover several patients did not smoke and were biologically at high risk for the development of scurvy.
In the French healthy volunteers of the SU.VI.MAX study, plasma vitamin C concentration was also higher in females' volunteers. Among the variables that were possibly linked to plasma vitamin C level, estimated dietary intake was the first (P < 0.0001) [21] . Concerning the second outcome, the correlation between low plasma vitamin C level and tiredness in otherwise quite young adults was statistically significant.
Fatigue was also the first symptom to appear, according to Crandon, aged 28, who experienced scurvy himself. To avoid interference from other vitamin deficiencies, he took a vitamin supplement that excluded vitamin C. Weakness was first noticed at about the end of the third month of vitamin C privation and increased with time. It was measured objectively by a test that demonstrated the severe disruption experienced during the vitamin C privation: he was only able to run for 16 s, whereas following ascorbic acid therapy for 10 days at a dose of 1,000 mg intravenously, he ran for 66 s. This performance was poorer than the average of 270 s of men of his age. Even 7 weeks after vitamin C reintroduction, his performance was still lower at 84 s. Concerning moderate work, Crandon could perform duration of 4.5 min during the scorbutic state, and the same duration 10 days later and 7 weeks later, meanwhile the average duration of the same work for men of his age was 15 min [22] .
Hodges et al in "Experimental scurvy on man" also studied latent scurvy in four remaining prisoners who were in good health during the year 1966. Tiredness, especially of the lower limbs, and mild general malaise began insidiously. These symptoms were noticed in all four subjects and necessitated a reduction in their 10 miles of daily walking [23] . Moreover, 10 measures of the Fleishman physical fitness battery were used to assess potential changes in the discrete components of physical fitness. Impaired performance in measures of physical fitness occurred in those tasks that involved use of the legs [24] .
Heavy drinking over a long period of time in our patients is compatible with an insidious deficit of vitamin C intake for months or years [25] . A few had a very low blood level of vitamin C without symptoms (Fig. 6) . This is compatible with the notion of the high risk of the development of scurvy. According to Crandon, the drop in the plasma vitamin C level began 13 weeks before the first evidence of clinical scurvy, tiredness included, was manifest [22] .
There was no statistical significant correlation between gum inflammation or purpura and plasma vitamin C level, which are the more symptoms of the beginning of manifest scurvy [5, 13] . Moreover, gum involvement is not specific [26] .
The third outcome, which studied the improvement or disappearance of lassitude 3 months after vitamin C supplementation, was strikingly high (89%). This may allow us at least partially to impute the patients' tiredness to latent scurvy. The difficulty is that these early symptoms are common and not specific to the disease. For this reason, a diagnosis of scurvy is usually not performed until hemorrhagic findings are seen [3, 27] .
By a placebo-controlled, depletion-repletion protocol, Johnston et al could demonstrate that even marginal vitamin C status (< 28 µmol/L) in young people was associated with reduced work efficiency during submaximal exercise [28] .
Even after 7 weeks of vitamin C reintroduction, the physical performance of Crandon was poorer than that of other men of his age [22] . This is the reason why we waited 3 months prior to evaluating the tiredness of our subjects after vitamin C supplementation. Vitamin C is required as a cofactor for hydroxylation of procollagen molecules, for tyrosine metabolism, for synthesis of peptides hormones, norepinephrine, and, for what is of interest to us, carnitine. Carnitine, which needs vitamin C for its hydroxylation, is an essential cofactor in the transport of long-chain fatty acids into the mitochondrial matrix. Therefore, it plays an important role in energy production via betaoxidation. It has been suggested that carnitine deficiency may provoke some of the earliest symptoms of scurvy, such as lack of energy and muscle aches, well before the appearance of defects in collagen synthesis [29] .
Novel data on the effects of vitamin C depletion and dietary supplementation on human skeletal tissue ascorbate status Figure 6 . Correlation between plasma vitamin C concentrations and scurvy symptoms patient-individualized: In purple: tiredness or weakness; In red: skin symptoms (especially petechiae or purpura); In green: gum involvement. A transformation was applied to convert the status of tiredness, skin symptoms or gum involvement into binary variables. In regard to the binary variables: 0 corresponds to "absence of tiredness" whereas 1 means "presence of tiredness". The same applies for the other symptoms such as skin symptoms and gum involvement. are provided by the study of Carr et al [30] . At baseline, mean plasma ascorbate concentrations of the study participants were marginally deficient, and their skeletal muscle tissue ascorbate levels were similarly low, with an approximately 3.5-fold uptake of ascorbate by muscle tissue observed after a dietary intervention of consuming kiwi fruits. The authors concluded that a daily intake of vitamin C that provides plasma ascorbate concentrations > 50 µmol/L would maintain an optimal skeletal muscle ascorbate status. There are some limitations to our study. One is that we had only a small number of patients. The second is the absence of a control group of the same age, since the measurement of vitamin C levels is not reimbursed in our country. Therefore, we used the reference ranges from the literature and from one of the two national reference laboratories. For the third endpoint, we did not measure the patient's tiredness by physical exercise, but we relied on medical interrogation of the patients about their improvement or lack thereof.
Our study has, however, several strengths. First, our study enrolled consecutive alcohol withdrawal patients over the course of 23 months. Second, all assessments were performed within a few days and by the same investigator. Finally, the high percentage of patients who were vitamin C deficient, the good correlation between their tiredness and the high percentage who experienced an improvement in this weakness after vitamin C supplementation deserve attention.
Guidelines for the management of patients undergoing alcohol detoxification recommend systematic vitamin B1 supplementation in order to prevent Korsakoff's and Wernicke's encephalopathy. However, little is said about vitamin C supplementation. Vitamin C is mentioned if there are clinical signs of scurvy or suspicions of malnutrition [31] [32] [33] . We emphasize that vitamin C deficiency is far more common than suspected in patients withdrawing from alcohol or those with alcohol use disorder.
Further studies are needed to confirm our findings, but clinicians should be aware of these signs of latent scurvy, about which patients, in the beginning, do not spontaneously think to complain, resigning themselves, instead, to their history of alcohol consumption. The medical team should ask if lassitude or weakness is present, and in that case, determine the vitamin C levels and start vitamin C supplementation for 3 months. In addition, last, but not least, nutritional advice regarding eating fresh fruits should also be given.
Conclusions
In conclusion, this STROBE-compliant study revealed that 70% of patients undergoing withdrawal from alcohol had a marginal status of vitamin C, with more than the half (57.44%) exhibiting a deficiency status. Patients with an ascorbic acid deficiency status often suffer from weakness and tiredness, which are symptoms of latent scurvy and should not be neglected. Patients do not think to complain. Even if tiredness is a highly nonspecific symptom, presence of fatigue should draw attention and the vitamin C level should be determined. Our preliminary data suggest that vitamin C supplementation, may decrease fatigue and improve patient's quality of life. This last evolution needs to be confirmed by a double-blind randomized study.
